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Outline

ÅExperimental work:

ÝSearch for Lorentz violation at the South Pole

ÝSearch for long-range axion-mediated spin-mass coupling at 20 

cm scale

ÅTheoretical proposal:

ÝCavity Axion/hidden photon searches ïhow to make them 

better with cavity QED.



Local Lorentz Invariance

¶ Is the speed of light (photons) 

rotationally invariant in our moving 

frame?

Ý First established by Michelson-Morley 

experiment as a foundation of Special 

Relativity

¶ Is the speed of ñlightò as it enters into 

particle Lorentz transformation 

rotationally invariant in the moving 

frame?

Ý Best constrained by  Hughes-Drever

experiments due to finite kinetic energy 

of nucleons

¶ These two questions are actually closely 

related and we can answer both From Clifford M. Will, 

Living Rev. Relativity9, (2006)

Princeton



Lorentz violation test at South Pole
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Reliable operation with minimal intervention:
¶ Simple optical setup with DBR diode lasers

¶ Whole apparatus in vacuum at 1 Torr

¶ Automatic fine-tuning and calibration procedures

¶ Remote-controlled mirrors, lasers, tilt, etc



South Pole Results

¶Two winters of data taking

¶About 60% on factor

SME cij Value sstat ssyst Improve

cx 2.9× 10-30 3.9 ×10-30 1.8×10-30 10

cy 3.1×10-30 3.6 ×10-30 1.8×10-30 8

cz 3.3×10-30 3.4×10-30 1.2×10-30 3

c- 2.9×10-30 3.2×10-30 1.2×10-30 5



¶Axion wind will generate slowly-varying pseudo magnetic field

Ýv = 232 km/sec at 42° to Earthôs axis.

ÝLimit on energy shift ~10-23 eV

ÝCorresponds to gaNN= 5×10-9GeV-1

ÝLimit obtained so far is slightly worse than SN1987A

ÝMuch better than direct experimental

limits from spin-dependent forces

ÝExtends to 10-22 eV, where there is

some astrophysical evidence for

fuzzy dark matter, possible 

string theory motivation

Slowly-modulated magnetic-like signals: very light axions

sÖ= vtmamgH aaaNN )cos(0

P.V. Vorobev, A.I. Kakhidze, I.V. Kolokolov

Phys. Atom. Nucl. 58, 959 (1995), arXiv:astro-ph/9501042

P.W. Graham, S. Rajendran

Phys. Rev. D 88, 035023 (2013)

L. Hui, J. P. Ostriker, S.Tremaine, E. Witten, arXiv:1610.08297



Spin-mass searches with co-magnetometer

Astrophysical × gravitational limits from G. Raffelt

Phys. Rev. D86, 015001 (2012)

Existing

experiments

Current experimental goal

¶ Will be more sensitive than astrophysical limits



Cavity axionsearches
¶ Sikivieôscavity haloscopeis the only experimental approach that has been able 

to reach the QCD axionwindow.  

¶ Can we improve on this basic approach?



Conversion rate of axionsto photons

¶ Conversion rate 50 a/sec or 0.003 axionsin cavity at any time

¶ At 100 mK physical temperature ~ 2 thermal photons present in cavity

¶ At higher frequency coupling goes up but volume goes down as la
3

ÝNeed multiple cavities in parallel or new geometries.

¶ For higher frequencies can suppress thermal photons: 5 GHz = 240 mK

¶ Use a single  microwave photon counter or use squeezed states (S. K. 

Lamoreaux, et al, PRD 88, 035020 (2013))

¶ An experiment  called CARRACK: ñCosmic Axion Research with Rydberg 

Atoms in a Cavity at Kyotoòalready used Rydberg atoms as photon 

microwave detectors (hep-ph/0101200)

¶ Increase Qof cavity, but doesnôt seem to help if Qc > Qa= 106

¶ Can one benefit from Qc>>Qa?
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Bosonic conversion enhancement

¶Cavity with a finite initial number of photons exposed to 

axionfield:

ÝDoesnôt help, axionsas likely to be emitted as absorbed
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